The genetic effects of environmental pollutants include mutations in somatic cells or germinal cells that are the direct result of exposure to toxicants. Biomarkers that detect such mutagenic effects have been developed and tested in field studies on wildlife populations. However, another class of genetic effects resulting from pollution exposure exists. Specifically, changes in allele frequencies of populations will occur as a result of population bottlenecks, inbreeding, or selection at loci critical for survival in polluted environments. We describe how such genetic alterations can be studied at the population level using the techniques of molecular genetics, and we predict the development of a new field, evolutionary toxicology, that will address such issues. -Environ Health Perspect 1 02(Suppl 12): 25-28 (1994) 
Introduction
Contamination of the environment by anthropogenic chemicals has become a world-wide problem. Numerous environmental insults including depletion of ozone resulting from the presence of atmospheric pollutants, contamination of vast areas by radioactivity released from the Chernobyl accident, contamination of remote Arctic whale populations by airborne pollutants, and pollution of the oceans by dumping and industrial run-off are all indicative of problems of a global scale which will require unprecedented cooperation among nations to alleviate or control. Innovative and costly control of industrial, military, and consumer activities will be required to solve these problems. However, equally daunting challenges face the scientist who must provide enlightened, and effective, 845-4096. information in support of environmental decision makers. In particular, a clear understanding of all the dangers posed by environmental pollutants to both human health and ecologic systems are needed.
Traditional approaches used in environmental toxicology are fourfold. These include: ranking of relative toxicities of chemicals, detection and quantification of toxic chemicals in the environment, study of mechanisms of chemical toxicity, and determination of no-observable-effect levels in the laboratory. While these approaches are still useful, they are unfortunately too narrow in scope, and their validity is being seriously questioned (1) . Traditional studies in wildlife toxicology, which primarily focus on the deleterious ecologic effects of pollution on natural populations (2) , are also useful but still do not provide a complete picture of the issues. The field of biomarker research has developed in recent years to add yet another piece to our maturing concept of the effects of pollutants on organisms and the environment (3) (4) (5) (6) (7) .
In this article, we briefly summarize previous and ongoing studies in our laboratory of one aspect of biomarker research, genotoxic effects on somatic tissues in wildlife populations (8) (9) (10) . We will define somatic effects and heritable effects as two subclasses of mutagenic effects and describe how each can be detected in natural populations. We also show how the field of molecular genetics will contribute to an understanding of the effects of pollutants on population genetics and ultimately lead to the recognition of the field of evolutionary toxicology. This new field will deal largely with the emergent effects of environmental toxins. That is, evolutionary effects are changes at the DNA sequence level that are not necessarily the direct result of a mutation induced by the pollutant. Rather, they are the result of organisms adapting to a polluted environment and thus are fundamentally different in nature, and emergent from, lower-level processes such as ecologic effects and toxic effects.
Detection of Somatic Mutations in Wildlife Populations
Somatic effects are here defined as DNA alterations resulting from exposure to environmental mutagens that are expressed in any tissue or organ but not in the germinal tissues and not passed on to the next generation. Somatic (25, 26) "Petrochemicals, heavy metals. bTB Lyne (unpublished) . CT Lamb (unpublished) . dPetroleum contaminants. "T Custer (unpublished).
terrestrial and aquatic habitats in environments containing a variety of genotoxic agents including radioactivity, heavy metals, petrochemical wastes, etc. (Table 1 ). These studies demonstrate that the mutagenic effects of environmental genotoxins are detectable in indigenous wildlife populations, using various cytogenetic and cytometric techniques, and that the effects can be replicated over time (8, 9) . Moreover, the effects of environmental mutagens closely parallel observed effects in laboratory dosage studies (11, 12) (18) . A portion of the control region was selected for analysis because of its extremely rapid rate of evolution and because it clearly represents a neutral marker with no known function (19, 20 field studies. Appropriate assays to detect the ecologic effects of environmental contaminants ae also available. Indeed, the fields of environmental toxicology and wildlife toxicology intergrade and are not necessarily easily distinguished. It is apparent that the fields of population genetics and evolutionary biology have the potential to extend our understanding of the effects of environmental pollutants on the biota. In a recent editorial, Dieter (21) posed the question, "Are there specific pollutants or categories of pollutants that influence evolutionary processes, and, if so, to what extent can these effects be quantified?" Likewise, Depledge (1) has emphasized the need to understand and to measure the effects of environmental pollutants on the Darwinian fitness of organisms. We conclude that the answer to Dieter's question is yes and that it is likely that most toxic chemicals in the environment will affect evolutionary processes. Moreover, modern procedures of molecular genetics, as applied to natural populations, offer the hope that such affects can be readily detected. We predict that a new field, evolutionary toxicology, will emerge to address these issues.
